INTRODUCTION
The detonation properties of uniform materials has a long history in the literature. Less is understood about the properties of mixtures of explosives. In this paper I will examine some of the issues involved with considering the detonation properties of mixed systems within a pseudo Chapmann-Jouget approach.
It is clear from experiments by McGuire et.al.
(1 ) that a mixed explosive need not go to complete chemical equilibration, even after completing the entire detonation process. By examining several mechanisms for non-ideal detonation, it is hoped that we might understand the actual extent of equilibration possible within the detonation front.
There are several mechanisms which can lead to non-ideal behavior in a composite explosive which are not present in an homogeneous explosive. In general, the composite explosives will tend to have different compositions and would have different detonation temperatures if they were by themselves. They would also have different particle and shock velocities. We four states that the heterogeneous system can progress through: 1 . Pressure equilibrium 2 . Pressure and particle velocity equilibrium 3 . Thermal but not chemical equilibrium 4 . Complete equilibrium
THEORY

Thermal Equilibration
We will not go into the derivation of the standard Chapman-Jouget Detonation theory here. The standard CJ conditions for the detonation of a thermally equilibrated composite explosive are: Particle Velocity (Conservation of Mass):
Detonation Velocity (Conservation of Momentum):
( )
Hugoniot relation (Conservation of Energy):
Here u is the particle velocity, D is the detonation velocity, P is the pressure, v is the volume per unit mass, and e is the energy per unit mass. The CJ state is the state which minimizes the entropy of the entire system. Here the 〈〉 imply a mass fraction (x i ) weighted sum over the i components.
For complete chemical equilibrium, the product components are homogenized and we can neglect the initial substructure. For thermal equilibrium, we assume that the composition of each explosive does not change and we can use the preceding equations without further modification.
Pressure Equilibration Only
In a composite explosive, the only things which are ensured to be uniform throughout the system are the detonation velocity and pressure. To analyze this situation, it is necessary to use the integral form of the conservation equations. It is assumed that the volume relative to other components of the explosive need not be fixed as it detonates, i.e. one explosive can expand while the other contracts.
If we assume that the volume of integration follows the flow of the material through the detonation, as shown in Fig 1, then the contributions to the conservation equations from the sides will be zero for both the conservation of mass and energy. There will be a contribution due to the conservation of momentum which depends on the rate pressure changes as the system goes through the detonation front. For this work, we will neglect that ill-defined term.
Given these assumptions we find: Particle velocity of each component:
Detonation velocity:
Mass Fraction: 
where:
and where 〈〉 o is the mass fraction average over the initial mass fraction and ρ is the density. Note that the average in Eq. (5) will result in an increase in the detonation velocity for a given initial composition.
Particle velocity equilibration occurs as the relative velocities between the two explosives are dissipated by viscous effects. A uniform particle velocity requires that the mass fractions not change across the detonation front. This allows us to simplify the effective Hugoniot condition to:
(8) The non-thermally equilibrated states described here require a more complicated method of solution. To calculate the pressure only equilibrium the Hugoniot of the completely equilibrated state at a specified pressure is calculated. This provides an initial values for the function
IMPLEMENTATION AND RESULTS
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and the component densities. The mixed detonation velocity and mole fractions are then calculated self-consistently to determine λ. λ is used to determine the detonation velocity which is used in the subsequent solutions of Eq (6). This process is continued until the values of λ between successive iterations converge. This gives the state on the pressure equilibrium only Hugoniot curve at the specified pressure. A series of these calculations are performed until the detonation velocity is minimized.
For the pressure and particle velocity equilibrium, CHEQ uses the same initial state as used in the pressure only equilibrium case. It uses that state to get an initial estimate of the density at the detonation condition. CHEQ then solves Eq (8) for each species. A new estimate for the density is then determined and then Eq(8) is solved again until the densities converge. A succession of these states is calculated until the detonation velocity is minimized.
For purposes of these calculations, two explosives with significantly different chemical composition were chosen. The first is HMX. The density, atomic composition, and heat of formation are 1.89 gm/cm 3 , C 4 H 8 N 8 O 8 , and 75.02 kJ/mol, respectively. The main products from this explosive are nitrogen, water, and either carbon monoxide or carbon dioxide and some form of solid carbon. In general, if it is burned, the products have more of the monoxide, while if it detonates it produces more of the dioxide. The second explosive that was chosen is ADN. The density, atomic composition, and heat of formation are 1.803 gm/cm 3 , H 4 N 4 O 4 , and -149.787 kJ/ mol, respectively. In contrast to HMX which is under oxidized, ADN is over oxidized. This implies that the detonation products have a significant amount of molecular oxygen. It also has absolutely no carbon.
The CHEQ calculations described here used the fluid species H 2 , O 2 , H 2 O, CH 4 , CO, CO 2 , N, N 2 , NH 3 , NO, NO 2 , N 2 O, and CHOOH, and three phases of carbon: diamond, graphite, and liquid. Two fluid phases were used for the non-carbon fluid species. That is, each fluid species was allowed to have a concentration in two fluid phases. By including two fluid phases, the fluid system can exhibit a super-critical phase separate into nitrogen rich and water rich phases, the existence of which has been postulated by Ree (3) .
For those systems where it is assumed that the composition has not equilibrated, a complete set of species are assigned to each explosive component. The composition is allowed to equilibrate within each component's set of species, but the composition is not allowed to migrate between the two component's sets of species.
In Figure 2 we show the effect of the non-equilibrium behavior by comparing the difference of the detonation velocities as a function of composition from a straight baseline connecting the two extremes of detonation velocity.
CONCLUSION
In this paper we showed three nonequilibrium cases of detonation and compared them to the standard equilibrium detonation case. The three non-equilibrium states correspond to assumptions regarding the rates of equilibration of kinetic, thermal, and material inhomogeneities, with kinetic equilibration being the fastest process, and material equilibration being the slowest. We note that the detonation velocity need not be a monatonic function of the extent of equilibrium.
In order to verify the conclusions of this work, one must be able to vary the extent of equilibrium in a composite explosive. One way of doing this would be in changing the particle size of the monomolecular explosive components in the composite explosive. As the particles become smaller the mixture of the two components become more intimate, implying that the range of heterogeneity is smaller. This smaller range would allow the viscous and diffusive effects to dissipate more of the non-uniformity in the detonation products. Therefore, we expect that the detonation velocity of a composite explosive will be a nonmonatonic function of the particle size.
The pressure only equilibrium case is only possible in a composite explosive where the explosives have been laid out in parallel strands and when the detonation is traveling in a direction parallel to the strands. If the detonation were traveling in any other direction, the components with a higher particle velocity will plow directly into those components with slower velocities, thus rapidly transferring the momentum from one component to the other. When the detonation is traveling parallel to the strands, though, the detonation can set up a standing three dimensional structure where the only momentum which is passed is in the plane of the detonation wave.
There is much evidence that would indicate that even monomolecular explosives fail to attain full equilibrium. We have shown that there are at least three mechanisms in composite explosives beyond those found in the monomolecular explosives which can result in a nonequilibrium detonation. We have also proposed how these mechanisms might be examined with simple detonation tests.
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